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(54) INTERLEAVE A/D CONVERSION-SYSTEM WAVEFORM DIGITIZER APPARATUS 

(57)Abstract: 2^ 
PROBLEM TO BE SOLVED: To enhance the cost 
performance of an interleave A/D conversion-system 
waveform digitizer apparatus by a constitution wherein 
the output of a semiconductor device is digital- 
converted from an analog signal so as to be interleaved, 
a phase-error correction factor is inserted and a 
butterfly computing operation is performed. 
SOLUTION: A first A/D converter 31 and a second A/D 
converter 32 output even- number time-series data DO, 
D2,... and odd-number time-series data D1, D3,... which 
are sampled by respective sampling blocks at a sampling 
cycle 2Ts. An alignment part 40 outputs time-series 
data DO, D1, D2,..., at a cycle Ts, which are alignment- 
converted alternately from both data columns. A final- 
stage butterfly computing part 220 in an FFT processing 
part 50 calculates a first phase error factor a, a second 
phase error factor p and a third phase error factor p' on 
the basis of a phase error yby the deviation in terms of 
time between even-number-th input data and odd- 
number- th input data and on the basis of the sampling cycle Ts. The factor a is multiplied by 
the factors p, P' in a first FFT processing part 51, and the factors p, p' are multiplied by data 
sequences in a first FFT processing part 51 and the second FFE processing part 52. As a 
result, an FFT output which offsets an error due to the phase error y is obtained. 
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i/fivm^z^mth^i;? a ^rmsx-h ~> x . 
mz^mttfu 3*1.4 r-t-u^m^mix 

lute a /d a yj \*-^ a» ^nn&aj^ $ tit fa-rivm^ 

j'y-^^K7- l JI^ (FT) saa^fld FTM 

fifrfaNffleoA/DnyA-^asffd-tf- yry $ 

fifteFT«Ha5{±» ffiffi»H*«iE-tS*iijEflaSS:l*A 

imsm2i mtiFT!®mm±. fca^-uxsaa (f 
ft) «sixti(ttt7-yx3^ (dft) Ma^mris 
7-?is—y>xizttLxft?zb£mmb-i-&n-$m 

* wffiSS* S x - ? > - ir y x tz f f t ^M%m £ ft o 
m i f FT^mub , itrieT-^v— ^^4k?d«hr» 

gf f -^>'-^y^t:FFTSaK!!ffl*ffaS52FFT 
F FT«ra«tC«t ot F FTJS3S*ufcf f -?>'-:}r>' 

xkis i atemmmmmzm-ft z t zmkt-t&n 

yxiztfLx&2Rum3<r>tmmmsiEmsc$:m~r& 
z b * mm t-ttrnm 3 iztmn? s> * -r insa . 

a = exp [ j n v /T s ] 

zzx'T s imsZT-fuT'm^wyy u >^<t-^co-9- 
yT>jyymmx\ jttJ? =-iv&tbz*>coim 
mo.. 

bmiztitz b zwkb-ttn&sAA nz%m<D?i?? 
miEimn. 0+0' =i&mtztztnmk.-r&Pt 

ffi3U£*liBM& ( a ) {±HiilSm2 F FTfBm&X 0 #71 

iwe»2 (0) Rt/m3 (0' ) sfis^fifiE^fm, 
a itrtess 1 f f mm®frt> &Jj £ tit f f tmi 



« = e x p [j ^r/Ts] 

Ts(iH?IST-^o^-^cr)-<f^7-'Jy^jl 

»i£ , j ii j 2 = - 1 xht b z txvmcm&zmfr 

U 0RTS0' ii 
0 + 0' =1 

[ff*3S8] nne»2fl[ffliftiaijEffifti8{i, 1/(1 
+ « ) « timnesi 1 (afflmm«jE^T'S> 

0 . mem3imwmwmm.0 • «/ ( 1 +« ) 

j«j 2 = - ir**fc£«<odaMMa£3&bU 

H?ie{ifflMM«iEffiScaii. exp [j^r/Ts]t 

[ift*3Sl0] 2«<OA/D3aft»**t. m=2MI 
(Of-^^t^ (nliHlh) . HUfEv^7 7-f«g: 

[»i 3 

X(k) = (fc) + a ■ W k m X otU (A)} 

X(p) = A W + a ■ W:X edd (*)} 

^>2" -lcOiiSrt 0. 
[SC2] 

(3=1/ (l+a), 
p' = a / (l+a), 



Xeven ( k ) t+HUfd-f >9— V-y®frt>iiiJjZtl 
tmmS : f-9^-'iry X<7)FFTm.X\ Xodd 

( k ) amm yf-v-rm^&jizti&ffimg 

f-^y-tyXiOFFTft, X (k) RtfX (p) 

[IB*«1 1] 8 = 2 3 1<Df-^^t;0^ mflE^*^ 
[SSJ3 ] 
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A-(O) = AtX^CO) + a ■ W?X M (0)} 



XQ) - PKX cm (3) + a ■ W t >X ^ (3)} 
AT(4) = P {X^ (0) + or • ^X^(O)} 

X(6) = ^{A-_(2) + a-r s ^(2)} 

X(i)^p-{X„„0) + a ^ X ^ 3)) 
CI^UT. luieffiffl1tiEiftllr&1ijE-tSCi:5-!RMa 
k^SIS^l 0KiEm^rx:M-F£SS. 

HiriE#^«s^a*^aj* $ft£i*rtET^o?W£ mie 

xi^Hg^fcJWa^^SfcRffl ( 2 m ) coA/Dr? 

lWiE-f^/Hi-^^Wii^-ijxsaft (fft) wmt 
zmmm (2™ > «7->jxs« (ft) syiask. 

m» (S) <0fi[ffliJU6«iE^^7 5>fai*»k*«lt, 

fflrlE 2 m fflcT) a/D3^a — ?tfi' j tio~*)"y7°v 94 
5 yy k aeewif ^7 y yy 9 a 5 y y 1 itmmm x 

mmttwm&jEJ ^79^ swaw>8R«; . 2 - - » 

4-2-n - 2 +...+ 21 +2° (= 1 ) TflSfU 

AmM.m-h2r>^mt£h^ i J9)vmm^, w<9 

X(k) = /S{X„„ (A) + a • ^ (A)} 
= (7{X^ {k) + a- W£ <*)} 

zzvx ( k ) rvx ( P ) tt«raiB*»^>5a:K»^fL 

&FF TXmZtltztemX'h 9 . a = e x P [ j it x/ 

ts] t\ rj±, iiffl^ii. Tsiiwiari-o^e^co 



Xeven ( k ) (ilulEA/D a j&»£>ii};Jj £ix 

S«St#B-r-^^-^yxcOFTfflT\ Xodd 
(k) temZA/Day^-ffr^liijiZix&m&B 
T-?>—!ryACDFTmX\ X ( k ) MfX ( p ) 14 

x-%t>ti&mx\ li^zm^xmitmw&vzn 
iE-r&c:k£#$tk-r&. 

[M*#i 3] ifaEF-rwiawi* M7-'ji« 

(FFT) «SXJ4K«7-UXS^| (DFT) fflS* 
miT : J?immzjctLXfto d k ^#Stn«t« 

[if«14] 0=1/ (1+a) RXf/3' =a/ ( 1 
+ a ) T'$)^Ck$-#S(k-rSI**lIl 2iCfB«^7 ; V 

23 (=8) ®<07-?mzttL3m3 

0. r 1 , r2, r3, t4, r5, r6, r7)<7)3 

^coio ( v o ) zmm?4 $.yyt-tz>m. mi&m 

W<?7?4mnUte (t4-t 0) , (r6-r 
2), (r5-rl), ( r 7 - r 3 ) K*f UTfi[ffi» 
MffliiEv^77^«^W\ S2iS«A777^i 
(r2-rO)M(r3-rl) £*f tTffiffi 

MggKi (rl-rO) tz*tLXma&imW7? 
«*£fr oik **Sr«k 1 3 tcietg^ry 

imtmi6] 2 2 (=4) flft*>x-**fc*ft2Ji 
(28) <0^7?>fiSWa*tL > £4ffl<0ftfflMi£ 
(rO, rl. r2, r3)cD3*><91O(r0)2:g 

(v2-v0) RXS (r3-r 1 ) KWUrffiffllMMI 
IE^n' ^ 7 9 4 ffift * ft V \ fk»S W SI jTSMi 

(rl-rO) (C*t tTfiffl^UffliE^*^ 7 v4 
tTdik^W^k-rs If *JS 1 3 tcSEtt<0T ^ -re 

s. 

k. 

mrie>- < 9 - ymLftfr h mjj $ ti & mw 

was/ < ^ - s> as* $ n «. itriEW#fi-^ k mi e 
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iizti&Ti-n ym^ * ms&v* > hi-*<cssw *> n 

41 (NJi2£Lhcofi8c) cOA/DnyA-^t. 
huIBA/D a yrt-9frhm&\£li%1xZ>?i'9)Vm^ 
£ 4 y * - U -7" LT f—9 VA £• ±f8.i~ & N >> 
x^f<yM >-^-'J-ygPi:. 

-^y-tyxl:7-'jx^i (FT) «&J1£?t3 FT 
Matf 

ffifBNfflC0A/D3>7N*— 9iWrfoV->'rV>?'9'i s. 
[ff^l 8] HMfeFTffl^a5(±«^7-UX^ (F 

f t ) tmxim&y - v x^m ( d f t > xmz «s 

[ff^JS 1 9 ] Khf i J9)V ; f— 91)^2 ™ fflcout, HulS 
T^Sgg;^Jt!7J£ill> 2^>»F FTMH^ix^ It -y 

v&z k zttmk-r&mtm 1 8 a 

[fS3<JR2 0] ^#cx/NMX*^dl*$*i-S.T^o^ 
$>ti&T : J9)\sStt -f U ^fct 

yx Xf y 7° k . 

«rl B-f v * - u - t*-*- 6 x x >y r iz X o T f# t>ti h tiris 
f-^y-^yxi^-'jx^s (ft) jyurrsx^ 

frfBT ; i/'^^fi^(c^-ri>XT-yrics*tti»-9->r'j 
y^-f %v7kWm*rv'TVv9'9 4 s.y9kim 

fffBF T«H-T4 Xf y T(i, ; n'? 7 7 -f SICRtl 
ffilfta«jEffi»«-»AtT«|jE-r6^'r-y7 , **Oii: 

zumk-tz. 

[ff*JS2 1 ] mflBFTMax^ yr^, iS«7-'Jl 
13ft ( FFT) «S5U4«MS:7->jx3g8| (DFT) % 

4 HI* Jf 2 0 tcf Bi$cyj{iffil£ H*glE2ri£ . 
[f»*JS2 2 3 TftfE{4ffl^fflIMi3&£J$ AtSxf'v 
Tli, 2™ M<7)Ajj7 ! -9l,ZftLXm& (JI) icj:4{i 



T -y 7V)# * T'fi 2 O CO F F TJfiBI $ ftfc 1 -b y F k t 
TcOt 1 -^*^. ffiJOgCOttffiiRSMiiEX^'yro* 
* T'tiiitfKcoMIEXT- ••/ 7**>£ 2 ocOt-? £S<i£ C 
t fcWSi: 2 1 KlE»Offiffl»aettjE2rtfc. 

[000 1] 

[^ B ^JSir£8«#Pf] dco&Bjjli. 

?-l>-7*AD^B*£;fctt£1f y^'J^^ $.y? 
[0002] 

[fifc*C0&»] Nffl(way) ^^-!)-/AD^ 
tfc^cOfe^x^M-fti, «»Nfl|<0AD3SBIS*tt 

adtf. ^ft±co-9-yruy^-bS-i§<-ri>c: 

[0003] ^O-^-'J-T'cOfflScNIi. 2fficom^J 
2C0^#jgt 1 2 t Ufe4 0 9 L^A^mii^lX'IK 

[0004] jt-r . f f Tsaaascortawiissiji^ 

l^, d^T'(i2cOA;§ ; gj3i : LfcS^iCOA^vr 
ijy/f-?x (0) (7) TRWi. FFT« 

wmz 2mjy?-v- Wt- 9 & mmz&ifx . s 
387— 1> xgEjft£ff a ja*DSfe r* ot» 4 0 9 6 j&co 

8*^7-- 9m^^iX FFT (Fast Pouri 
er Tr a n s f o rm) W%.Ltc4 0 9 6jSc0iSjS 

Rx^b^AT^fcatfr*-*. rtgp««(i. miF 

FTSPt, m2FFTgPt. rt9~7H®£mkX*fc 

^7 7 >f «slt-$> o . ft»a<o^^ 7 mnztsm 

•r&.m \ FFTgPtm2FFTgP(±#^2 04 8^C0 
B*5R?dr - ^ ^^ttT F F T^ Lfc 2 0 4 8^C0^4> 

t — 9 (mm¥~9) ^^m^i-th. 

[000 5] gSl&V^2FFTgBa^C0r— 91ZML 

x><97 7 4-mnz?io^97y4mnmi. fft® 

9 6jSOJSj«ftX^^ h5Af-^ ( X ( 0 ) -X 

(7) ) ZftJj-tz,. 

[0006] ^mm£mz}$v&%mTi;94 -rm 
mzi&z&mm&mk lx. *<r>mimm\±. mum? 

D3&m (ADC) k, ^2AD^m§l (ADC) k , 
. F FTJIJIgflfc . ttUHtr 7. ( D UT ) 

it. AD&m-t&iryyv y9mcr>9-( ^yyw&tm 
wmm*T^-**mwm.*i5A,x\ ±<m-&vt 
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too 07] DUT*»taj^$*ut*as«JB<or^a^ 

ft-^ti. mi ADCi^2ADC«<7)AmM 

Six. »1 ADCJiffiifcr-^J^VT-y^Srfi^ 

U {lJ*rS«RftiRWf f -^{±DO. D2, D4, 

ruv^Srfflau. ai*-r*SStWf^iJr-^{iD 1, 

D3, D5, • • • , -T i> . MP!® 4 0 liWKPf r- ??'J 

SrSttt^tcs^JsaetTt^^jT-^D 0 , d 1 , 

D2, D3, D4, D5, Srffi^-T & . 
[00 08] tVT'Jy^O'y^c IkA, clkB 
fflcotiL&fflmt 1 , t2il *52oa**HWtefc4J;3 

[00 09] 

-f5y/^»J: ; 5r<, yyyv y99 a-/ 9 i<—hii 
a. 

[ 0 0 1 0 ] *%Bfl* J ftl^L«k 3 fc-f 

ft£iSJ5?LT\ F F TattB6»>«B&«raWr-f f 
'J-/ADM^fy7 >f lT3SI*««-f * £ i: T$> 
5. 

[00 11] 

*T^o^^«rl«iXT^*>HI^fc£Jfti-*Nffl (N 
H2Jy±cDg8c) WA/DrjyA-5-i:, A/DnyK 

-^y-^^C7-'JX^I (FT) MSSrftdFT 

wmtZffit. NmcDA/Daysi-ftfftdyyy' 



vyy?4 \y9"twm*ryr x )y?9A zyrtu 
l>. 

[0012] *«^>» 1 <D#JBOJM^lB*U:. FT*a 
«SK4» *a7-UxSa« (FFT) 
yxJSKDFT) ^Srr-^^-ryxtc^tLT'fT 
ottivn FTJtJIJI&te, f-^i^-^yx 

4><^S^ar-^^-^yxtcFFT^JQJlS-tfd 
mi FFT^SgPt, f-^y-^«+«fflWlf 
v— T y XC F F T^mSS;S Srfi 3 jp! 2 F F T*&51 
U ^7?-f«»»tt. S2FFTI1 

gpt <t -j t f f rmm $ futr- 9 yyx izm 1 e 

*SK±, 9 1 Rt/m 2 F F TJBSSfc: J: o-C F F T«yi 
ZtltiT- 9 is—tryxlztt LX&2&Vm 3 <Dfiffll£ 

ffift (a) «i, a = ex P [ j 7rr/Ts] (iiTT 

JWT. JtiJ 2 =-\X'3bl>bZWm&m . i:^- 
312 (/3 ) 2KfW3 (£' ) fit 
fflKStiEffftM:. j8 + 0 ' =1 SrSfTt-t «t 3 fcjg*>& 

[00 13] A*7 54iR*»fc»T. fltlfilffl 
IftSttiEffift (a) tt3B2FFT«S«J:9Hi:*jS;h.4 
FFT9m%tltiT-9y- ^yXC^fl, fg2 

^1 FFT^SgP^^Jii^SiX-SFFT^^^T- 
^i/— ■fry^l l Z^htl. ZZX'aii a = exp [j 
7T t/T s ] TsttTtD/«fWy7 

*«*>u. /S&y/s' H0+0' =i&m*:-t*ite J 3- 

JLhixX^X\>\ 

[0014] ife, as 2{s.mwMnmm/3 a. 1 / 
( 1 + a > x-mmzti. «iimri2^ 1 ^nm^miEim 

X-m, *3flBBK3ettIEflUR£ ' tt, a/ ( 1 +a) 
X-5-tt>tLXi>£\\ ±tl. 2<@<0A/D^M5S-* 
U m=2-ffl<7)T r -^$:i'>H# (nlilfeLh) . M*^ 

[18:6 3 

AT(fc) = (*) + *• (*)> 

= p {X^ (fc) + a • (*)} 

iwTk<i0*^2" ~ 1 - 1C011S:, p{±2" - i 
t>2- -Icoffl5rh0. 
[&7J 
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(3 = 1/ (Hoc), 
p' = a / (1+a) , 

Xeven (k) \&4 V9- V-ym^&jjZtl&m 

mss"f~^'>—yyx(OFPTmx\ xodd (k) 
a m&Bfrt* ft* § tih mtmx- , ±£5$ (c*r*v ^ t ft 

4B3UI r Sr MiE-T i ± o lz X o tc LT £> J: v \ 
[0015]^. 8 = 2 3 m<nT-^i:i>om. ^9 

[R8] 

Jf (0) = /?{X evw (0) + a • W,° (0)) 

Ar(i) = /?{^a) + «-» F . , ^0)> 

A-(2) = J3{X^{2) + a • W^X M (2)} 
A-(3) = (3) + a- W?X M (3)} 

X(S) = j8'{X„Jl) + a-W, , X adtl {\)} 
X{6) = P{X mn (n + a • W?*^(2)} 
*(7) = /? (3) + a ■ W?X M (3)} 

n. 

[0016] *»^ 2 «fia, ^{^VS^ 

fcffia^-'JxSEJft ( F FT ) &ttftffl ( 2™ ) 

<D7-yx3Sft (FT) MagBi. mil (g) <7){iffitS 

/<-^ffi?txr>j y^-f 5 >ytmmm->t>T>j 

^7 5>f**a5<0<®R«, 2 m " 1 +2 m " 2 +-+2 

1+20 ( = 1) x°mzti. mimnnimw&ffijErt 
7774 mx-mi mm f T&mm* b&j]2tLh2m 

fiHBKSraEX* 75-f fltg**>**v?*ifct/ <9 
[R9] 



X(p) = (*) + «• r 2 f ^ (A)} 

;;tx ( k ) m?x ( P ) \m®m-t>$.mz%t>ti 

Z>FPTtm%tltz%i&Xh Y ) , a = ex P [j*r/ 
Ts]t, r«. {iffll^ll, Ts{iBtjier^o^ft-^c7) 

[Rl 0] 

Xeven ( k ) tiA/Dr? yrt-9frb\&j}Z1Xl>fr 
mmST-?i'-'iryx<7)FTmX\ Xodd (k)(i 
A/D n yrt- 9 frb ffi^j $ iiS $R# g v- 9 is- *r 
yxcr>FTmX\ X ( k ) MfX ( p ) limg («) (5 
fflSaBBEM*^ 77^ iB*S5<0# « <0gWm» 4>*iS «[ 

[0017] *5W*0»2i0»!B<08(I^JB«t-Ctt, FT 
MSaWi, ft3l7- U X3SH ( F F T ) «UlX{±Ktt7 
-UXSa* (DFT) *QH£rS^UfB^fc*tUtfTd 
idfcUTtJiV^ >3=1/ ( 1 + a) m? 

$' =a/ ( 1+a) T'-£*.T tin. *Jt, 2 3 ( = 
8 ) ffl^-r-^ftfcStL 3*38^^75^ 
#U £8{I<0{&fBlgi§ (t0, rl, r2, t3, r 
4, r5, t6, r7) Wd^lo (rO) %3m9 

4-rO) . (r6-r2). (r5-rl), (r7 
-r3) fc*fLr(affi«iM*iE>^75-Y»J|CS:fi'v\ 
»2SBC5/^7 9>fi(Wia«i (r2-rO)M(r 
3-rl ) <,ZttLXffi%m&mE^9y7 4tm£'tT 

w Wtm&E(?>rt97 7-4mnmi (n-roiw 

LT efflMUffljE^^ 7 5 jRJK Srtr 0 X 0 K t T t J: 

[0018] 2 2 (=4 ) mco'f-9miznt2 
m (2m wyy^ms.&ZGL, ^4m<nmm. 

H(r0, rl. r2, r3)cOd*>c01-?(rO)S: 
*»^>f sy^fc-f*^ S1S@W^7 5^S»3 
»4(r2-r0)2WX(r3-rl) tSLTffiffiiSH 
MiE^*^7 5'fSISCSrtfv\ ft»a<0^*^7 5^*»* 
li(rl-T0)C*f LT{ifflmHffliE/N'^ 77-fII 

[0019] *fM8W*3cOJe»fctJV^T, ^9-ym 

ttxmiffi&ttMc.ii-it&rt9-y&8i#b. 

xizwum&mzX'ix&MztiKiW-ym*} 

KhT^n7^*^V9)Vm^z^^hW& z rV 
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jiK&a^ft&Ti^/i'fi^-r y 9- u-txtt- 

b. N^i^co^f y^-y-rgp^aj^Sii^T-'-? 
ty—iry^lzy-o^m < ft) jyui^fr? ft« 

77-f iy/tliWty/'jy^^ sy^fcii&ffi 

[00 20] ^^O»3W»»«0Sil<0»»-C»i, F T 
^a^iSft^^-'Jx^ ( F FT ) «yiXtt«tt7- 
'Jx?Ei (DFT) j8Mi£r ! -?i>-—ryAlzftLZ?r 

[002 1 ] A^T^^r'-^tf^fflcDB^ 

S*EE*£*U m«BWfiH81IUM:EaKi, FT® 

olzbxi> 

[00221 ^■W^W.A^l&mHi^X, w< 

^.mthx^-vyt^n^ixh'f^^ivm^riA y7- 

•J -7*-f S <! i tf-^y-^yx 5:4l!ctl>Xf >y 7" 
4 y7-y-7*TS7f-y7%:J;^T#^ft&T- 
7i/-^y7K:7-yx^| (FT)^l«Xf7 7 

y/'j y^^-f s yytmm*ry?v y-??4 5 y7 
tB^SixST^airft^Hfyru yyffl&rmmm. 

[0023] *&Wc?>m4 COBBcOWKOimTlZ. F T 
%mx f r<£ , »J X^Jg ( F F T ) 

«BC7-»jx3Qft (DFT) Is—try HZ 

[00 24] S/c. i2«»a«jE«»*»A-r*^'r-y 

tamnffliE^x yrs:^, misa^ffim^ffli^ 

r -y r <0* ^ f{4 2 o<0 F F TJ0S$ fL^ 1 -b -y h t L 
XcOr-f&Stf. flfi<Og(OffiffiiftlHSjE^f--yr<0# 
* T1i^S<0*fiEX-f y r*» <o 2 -o<Ot— 7 1 1> J: 



[0025] *i3jJE«#!lfc9*BHL *»^fe63Kr 
^73yt'*-y 3 y£>X?&Bjj>&&. 

[0026] 

tix^h nmeom^h-t<7>kx &3m<nmwzmz& 
mx'b&timk*^. muzTi-nym^ztitfi-th 

mm. (ADC) mi«Pf^'ff20, A7- 

ym.& 9 1 . msssm 9 2 , jtuss 9 3 , &y 

ft^AM 7ftMg&££-f 6^7 * -vyx*- K 9 6 £ 
[0027] imZtLhKZT-rnrm^Zlti-tJ^h* 

mt^^ux (dut)*>; *mmmmz®M:%tix 

U£„ ^->JSS89 1li. iR^xX-fT. (DU 
T ) fcttte-rS^ffcr'NM XA^Itt-^4 2 

So ^sfr7 ; MVf7.A^fi^-4 2a. mmm&&9 2iz 

»3*Ufc¥#*7 f ^>f ^AflSf4 Oti, #mfcr'W 
xWm£Wik*&. dut(4, AASit/S^WftT^ 
>f .XA7Jfi^-4 0 lC»o'v%TT^D^ft^-5 0 SrtiiTJ-r 
6. r-fo^m^i, f-V^Wf t 2 0f*Ic7)A/D^$| 
B ( ADC ) KA7j3fl.T-< v^^HI-^t^SixS. 
[0028] Jt^ts9 3ti, WMnmiEZtlKVAjim^ 
9 Ob^m^JU 7A7Jff-^4 2(Oca^T^NWH r 
(DUT) ^SSrflSL. *te«^52«raj^J 
■t*. Wf^7 2 0 tC^-^ill. F F TfilLM 

[0029] *^-e<i-9-yr'j y^n 7 7 c 1 k b 

WW'fsy^r+TstLfe!:^ FFT^flLco 

*rv-r\)y>f94 s.yyizvcD-mtf&iXi,. zruz 
W5x?-&®i&mb LX^i. 

[ o o 3 o ] &mmmmiEZft±>tc^F fttjwjx 

A.cOIMMb , H4 ^-t*^BBcOHSfe»«fc*-^< F F 
Wlf-^x(k) (k = 0, l, -, 7)frt?M 

[0031] tetmm&T-'-? x ( k ) <otfc«Bt»a<?5 

ir-7(±Bl FFT5 1 'VA* U ^tSg^x'-^ti 
m2FFT52'\tU71-r'l.. -eil-eilF FT5&J1U m 
1 FFT5 l^f-^liXeven (k)tL.I 
2FFT5 2COffi71f-*-7{iXo d d (k) fc^S. ± 
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JfcrJtfc 4 0 . h 5Af-^ X ( k ) tftb* 

X (0) =Xe ven (0) +W 8 0Xodd (0) 
X(l)=Xeven(l) +W 8 i Xodd ( 1 ) 
X (2) =Xeven (2) +W 8 2 x o d d ( 2 ) 
X (3) =Xeven (3) +W 8 3 Xo d d ( 3 ) 
X (4) =Xeven (0) +W 8 4 Xo d d ( 0 ) 
X(5)=Xeven(l) +W 8 5 Xodd ( 1 ) 
X (6) =Xeven (2) +W 8 6 Xo d d ( 2 ) 
X (7) =Xeven (3) + W 8 7 \ o d d ( 3 ) 
±i£5KT\ W 8 =exp [ - j 2 tt/8 ] = c o s [2 

X ( 0 ) =0 { Xe v e n ( 0 ) +a • 
X (1) =0 jXeven (1 ) +« ■ 
X ( 2 ) = 0 { X e v e n ( 2 ) + a • 
X ( 3 ) =0 { Xe v e n ( 3 ) +« • 
X (4) = 0' {Xeve n (0) +a 
X ( 5) = 0' {Xeve n ( 1) + a 
X ( 6) = 0' (Xe ve n ( 2 ) +a 
X (7) =/3' {Xeve n (3) +a 
-5*1 

COO 33] ±IE^lTfflV^ix&3eRa. 0, 0' , 

a = exp [jir r/T s] =cos [ 7T zr/T s ] + 
j s i n [ tcv/T s ] 
0=1/ ( 1+a ) 
0' =a/ ( l+o) 

" Wg =W 8 1 + * /T s 

mcoitmmmx-Jb ^ (D) *«^gg<o*#r**. 

[00 34] 

« = exp [jjrr/Ts] ---^(A) 
0=l/(l+a) -SUB) 
0' = «/ (l+o) (C) 
W 8 =W 8 i + * /t s ...=# ( D ) 

W n =W n i + r /t s ...^ ( E ) 

n$A?>m^<7)fktL. 8 5t 

( D ) ttWT^HftW&JBtcSW-* . 

~ W n =W n H+./T.) ( E ) 

±IE^ ( b ) atf* (O 49. jaT<o<r fcawa. 

/3 + /3' =1 XJ4, 0' =0-1, IP*>, /3t/3' 
J4«r£ 1 1 1 #*. £>ft£ . 

[00 3 5] atft*SixS*lfifcfflPJ6«iE 

a. mi immgMiE{mizm{&% < , 0+0' = 1 & 

[00 36] «B<7)A^]f-^Ji*am. t5 



*/8]-j sin [2)r/8]=l//2-j (1 
[0032] <Jct*»BB<0Sat»«to^r . ilttOF 

imnxxhz. 

WgOXodd ( 0 ) > 
" W 8 i Xodd ( 1 ) > 
' W 8 2 xodd (2) I 
' W 8 3 xodd ( 3) } 

• "W 8 4Xodd (0) } 
■ "W 8 5Xodd (1) > 

• -W 8 6 X odd (2) } 

• * W 8 7 Xodd (3) > 

^,/JX'^h. Vt->X*mMWXM. atm^ihtlX. ft 
*>fc, 0*<*ff^ixS. 0' (4P]«tctti^7 f -^{cmi: 

[0037] ±iet«iiiiE/^7 5>r <o*»«sat J: 

-?x (k) *«»^>n6=iHi^i*«»*>fis. ±ie*st«f 

ononis- 2 - mnAJiT-fnm&^t&Mx-z h. 
zzx-nteiy±<n&m<?>m!LX'b&. sp*>, mta. 

2 T 7x--f(2 way)«A/D3yyW (ADC) 

S52 2 0t4<iffii&Hr £OT05^S^TffiIE-r S. 
X (k) =0 {Xeven (k) +« • m X o d d 
(k) ) 

X{p)=0' {Xe ve n (k ) +a ■ W p m Xod 
d (k) } 

kli;0H2'>- 1 -l tx-ogt^zw 
0, p*42»-i K2»-U"P«DIBI*«?Sri: 

0=1/ ( l+a) , 
0' =«/ (1+a) 

W m =W m < 1 + - / T s ) 
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[00 38] ttz. ±j*T. Xeven ( k ) (i, 04 

ts^rao. Mffi^ y^-u-ygs (mpw4 o > 

aj^Sit&WftSa^-^v-^y^x (even) £ 
FFT«l«Ufc«T*S. P!aM=. Xeven ( p ) (i 

hu las^gfl 4 o tu * § ft s a f- 9 ^ v 

(odd) J'FFTWUcit*')- X (k) R 

[ 0 0 3 9 ] Jiiea^^ffl^Tft^cftS: lx& s . 
WJy^D'^c 1 kA, c 1 kB£50MHz 
t-fht. -i y9- [ J-7< l z£r)2fecr,l OOMHzt 

v-yyjyyzti&frbLT , t s = i/ioomhz 

= 1 0 nSThh. Z.<r>t% . fiffliir = 2 . 5nS 
Ts = 0. 25 

a = e x p [ j k v /T s] = cos \_tc v /T s ] -f- 
j sin[ir/Ts] 0. 707 + jO. 707 
0= 1/ ( 1 +a ) = 1/ ( 1 . 707 + JO. 70 
7)=0. 5-jO. 207107 
0' =a/ ( 1+a) =1-/3 = 0. 5-jO. 207 
10 7 

" W 8 =W 8 (i+r/TS)=( 0 . 707-jO. 
707)i- 2 5 =0. 55 5-j 0. 83 1 

vfosmmmhixh. ^ft£±iex < o > ~~x ( 7 > 

<0^PS:ffl^L7t^^»X^ h5A-5*-*X (k ) ** 

■^•SrEPJPLT. lal^tcL-CADC-C-f ^TU y^U % 
htltzm%:Cr>?-9nZ&>immzFFT%mL, $ttf> 

I004 l]ft-»T, «mife§ixS^l{4ffiMII*liE 
ffiRSr. SS2FFT«yia5 5 2 (C J; F F TfflJISft 

tz7-9>- tryxizmt. — 0Rtf0' izitmz 

ixh%2 imm&mmiEim&vm 3 {srasyiittE^ 

£$£>Ks m&t^2FFTByigB5 1, 5 2tio 
T F FT«MSftfc7*-^^— Jr^tcSi** X 0 Id 
9yyA mM»2 2 0 ZskWzZ iKiO. D y 

Wn 7 ;dk BcoWMfJ \ vy\,ZT<r>94 $ y^ - 
ift*£tfLTWCfc, £*>rfcfl5 38U&£ffi«LfcFF 

*««(') = £x(2«r i ) £ y( i -2/«7' J 



[0042] w, ±Mmmi2m^y9-v-ytLti 
mmix-mmbx^tz^K 2W±<?>nib4 y-9-v-y 

m-th z t x-mimmx-h & . 

[0043] H2l4*»^^>f1«M(cflS*. 2«4 

A/D3Vn-f (ADC) 3 1 t, W.2 1 

A-? (ADC) 32t, S?iJSP (-O^-y-7'gft) 

4 Ofct-jfcs. ^l ADC3 Hifyy'U yfm&2T 
sco-fyrv y99v ■■/ 9 c 1 kArt>r'jy/u 

«W$*aiT-*D0. D2, D4, -, *Sfcfr$-&. 

^2 adc 3 2lity7'j y9"mM2T s^fy/'j y 
/?d»;c 1 kBtty/'jy/u^BJf- 

*D1. D3, D5, *aj^ji"S. SW*4 0tiffl[ 
DO, Dl, D2, D3, D4, D5, Srffi^-t 

4. mmttx, tvr'jy/H»Ts (ep*>2t s / 
2=ts) X'DUTtfiiijrt&m^zv-yy'vyr-t 

[0044 ] >I^T-^>-7 0| J>'^'^n.y^c 1 k B<7)E|J 

v = ott£hXo\,zimi / zi l zmfyy)y99n- / 

9<nx.-y'Jm-thZbtmm / j:ZbX'hh, ZZX\ 
*»W«4 . MADC TH^iTJtx- * fc*f ttffliE^ 

[0045] JJctC, 3«?&*LT(affli{UailiE*RSra» 
WciKBH-tS. i<IT\ S101-^l 1 9$:5ttc*L. 

mm 

/7»-oo 

[*1 2] 

£^-2mr s )...Stl02-l 
£^-(2w + l)T i -r) S102-2 

[S13] 



I- • • 5£l 03 — 1 

-(2m + l)r s -r>-^103-2 



[»1 4] 
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X(f) = X(f)*P{f) 

1 



mi 5] 



1 " ( k N 



s J 



--5C105-1 



mi 63 



1 " iH- e -^ i * rlTs '> 



Ts£L 2 U 2Ts> 



[SI 7] 



[*183 



1 + e s 



1 + e 



•jC108 



[1(1 91 



i + e 1 jj..^ 



(0</<i/2r,) 



•5£l09 



(i/2r, </<i/r 5 ) 



[S2 03 



m2 1 3 



W) = M xif) + xif-±)) (o < / < f ) • • ^no 



n.O 



[&2 23 

r(/) = £x(nr s ) e -^'-aii2 



DFJ(ik) = J(-|r)- -^113 



.-0 



[f*2 33 



[£*243 

/TJ=0 

DF7^W= Ix(( 2m+ l)7V + r)e— " (ft -0.....///2-1). -«114 



m-0 



[»2 53 
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DFT otU {k) = e 



(it = 0,...,;V/2-l) 

(A = 0,...,///2-l)"5&15 



[&26] 



X"(——) = 



J-^FT^k) + a • H^DFr^/t)] 

1 + 



[DFT^ {k) + aWt DFT^ (*)] 



(* = 0,...,tf/2-l)..._*; 116 



:2 7] 



[fS:28] 



(k = N/2,...,N-l) 



DFT{k) = ZJFr^ (*) + * - J2 * ' " DFT^ (k) - Eq.W 



A, = i /?/7X/7) I 

= arg[ PF7\n) ] 

IM29] 

z /r, = -<*9 / 

[0046] %WM**T*<?>m,mzii^Z . fli.H& 1 

0 lco^fflco^ie^ftSr, r ' j SiffKffcft^-Lfc 
' x ( t ) t LT s £**>T{i3EIB-f -6 . iClOltfe 
WC. x (t) , HP*>x (t) • P (t) 

mmxh o . a < t ) ttx^HR-c* o . P ( t > « 

y^^JijT* 0 . x (t) iZMfettmttc 
I. ft-^WC'J) 0 . BP h A D C s\cr>AJ] m^x-h s . 0 
5(a), 5(b), 5(c) It^yTV >y%tVt&L 
J^O^IfflH^t-f V\ZSiW$ffi (£«) fcJ3&&H->M 
>l,Zi5Vhffi& <=&«) S^l/C^S. i:i^>-C\ *H 
fcflfClia&l ADC 3 1 t^2ADC3 2tC0 2ffl-f >• 
^-'J-^««5r^LTV^*^. B5 (a), 5 
(b) fcjjrf ± 0 ^rUV^fflJHttaTsfciO 

sat-tyry y^£ixs. 05(a) ( e v 

e n ) y/SrflSL, *0*3«iie 10 2- 

lV&MZtli. 05 (b) it'm.m (odd) <7)^y 
ryy/SflSU. *<0«*1 0 2-2TSBSSil6. 
±1 file** v vt . W a d c <m y y y y y ? u - y ? fig fcfc 
ft& 0 3 (Cjjrf J; -5 Iz t %mmxX \ ^ i> <F> 

tmzth. zeok.$w&m<7rr>Tv ymi o 3- 

1 t-*i$*u s»«<wry y^fiss i03-2t 
*JS3i-is. ^it^i 0 2-2(cfo-ft^.r3i{i. -fry 
rpy/y- yyx£isit&ftfflSU!T-£'?, r = o^) 

l§-£-{i, P (t) = Peven (t) + Podd (t) 

[004 7 j mz, wmw-yrv yyi&m ~ x 



( j 
( y 



= 1, 2) 

' 1, 2) 



— it 118-1 

— 55118-2 



2tt 4 3+1 — 

e v e n ( t ) taftdwyry y^«» " x c d d 

( t ) coWRSffl<OT ; -^tJ: 4*^(4^1 0 3-1, 5t 
1 0 3-2X-miZtlZ>. Z<7)&10 3X"gM$:Wt& 

coiz. -tyryy^jg^2Tsk^o, t-*<oih* 
tfN/2fc&Sjre*>.|>. 

[0048]t-Tr=0 0*£"Ci***-S . URMJlO 

" X 6 v e „ (t) , X 0 d d (t) k "X (t) >C0 

iEkmQtemmmx'3§>m-t&. zny-vxzm^ 

&mtkX'<?>ffl&tmX'$kZi\&<?)X\ ny^'j a-x 
ay(convolution) . jU 0 1 

i o4co*3Stcfcv%Ts a.iE^rxf-yx^ ( * ) it 

x£j® " Xe ve n ( f ) (±5^1 0 5 - 1 X'5-Z. tytl. 
*f»»07-»Jx3Qjr Xodd (f ) (i^l 05-2 
T'^-i.^itS. 'Xeven(f), "Xodd (f) 
t ' X ( f ) fc<9RI<9HflM±ei5 ( a ) . 5 ( b ) . 5 
(c ) «Oif^«<?)0 (*ffij) I«05 
(c ) i>W5i3K, 5^1 0 5«0fa^fc{fSk*<^ 
ISt^SiSJi^l 0 5- l^WfcfctfSk^^&fc&S 

Ji^flFWRft^^L-c^s. got, ztLt>mmmz 

[0049] mz. fifflKMr = 0X'li%< . {ifflKH 
* J #^--g»^-^#S-r^, " X ( f ) = * Xe ve n 

( f > + " xod d ( f > ojg*aaaii3U 06T-^ 
^ns. 5Ci 0 6tcts(tsxryrx^ (s P uri 
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ous component) t \-X"$tm-~$~h k = 1 CO 
1/2 (l-e-J«*/T.)jj^ X ( f ) COX 

[ 0 0 5 0 ] IMc. 4HBIR!t4fEaflG9*R0tt-6 . " 
Xeven (f) + " Xo d d (f) fix?— rtfiS 
t^xr'JTWmtV^. ricfcoTlWP** 
W^v^fc&fc^fc^Bgtffci. Efff 1/2 ( 1 - e 
- j x r /t s ) ^x^-co^Stcfc^TSSt'ft^-r 
fc£&8fcfcVvC-ffcb»)0)«JBi: LTSl 0 7£^LT 
«atT6. Sl07K*>Wt % S»eJ * r/T s t4 ^ 
X7°'J TX^&fflSf 1)^^ " Xo d d ( f ) CO^M 
MfA$ilS. "X' (f)£k=0. 1. 2com*$ 

[0051] k=l co^Ui. S 1 0 805*ST<±IS«3 

VX^h. "X' ( f ) tfttfcOteffiffi-C* 

£co^fcoivc#3S?TS'.&^a<*>3>. Si 
0 4 t tiMtl 1 S 1 0 8 COS? 1 ^(CfcttS^&Hi 1 

1/2 (i+eJ * r / t a ) jp&&f&<nx\ mm ~ 
x- (f BWfc-t&aoEJta'fir-aTv^. d,r-c 

coPKKi. i^H^AlfxUr^y^^ (a 1 i as 
ing component) Ct^ftl>|SlS^Hf5: 

ffiEtiiiT**.. tLi (x ( f ) =0, <r<r-ci 
f l > l /2 t s co t £ ) co^xr y > ^asoamfi-r 

Sfcfctf. X (f ) cOJStX (f-l/Ts) cOJSti. 

^cojaaasjfca-a^ *x y-mmk i / 2 t s vm*H 

HK*(1S<14. ft-at. X' ( f ) cOTfflco¥^ (f 

[0052] <JC(c«]Er^rfUXA<Oj!taj*KWS . 
Sf-^x (nTs) (n=0, 1 , N- 1 ) 

' x' • ( f ) fctm-f *wc*>&. nfflw^ffl^a 

tt'VCOl+SltiD FKDiscrete Fourie 
r Tr an s f o rm : 8t85r7-'JX^&) T'fcS. 
DFT{iJS»coJ;dtc. SI 1 
[00 53] S 1 1 1 COD FT ( k ) t X ( f ) 

b<rm&*i8LWt&. Si o lco^-yx^iisti 1 
2k2:9. SI 1 1 iSl 1 2i£itl8-f 6i:Sl 1 3 
coWf^^fc^S. 

[00 54] SI 1 3*><o, D FTii, k/NTsCOj^ 

»ftsK>f v hT-^-yr y y/ Ltz ' x' ( f ) coftJUfi 

tf- ?cODFT£DFTe ven (k) N S2ADC 
TUt-f-^WDFTSrDFTo d d (k) tS<i, 
£ii£«Sl l AX'^-lhfih. 
[0055] Si 1 4X-HM-r^li. PSD FTJi-fft. 



■fixN/2T-^aT$>S. Si 14kSl 0 2C07- 

y xsaefc jtKSrt- 1. 1 , s 1 1 5 cowf***iitB-£ & . 

[0056] DFTeven (k) fcDFTodd 
(k) *>A>. fc'coiot " X' ' (f ) SrlWr*4*» 

#S 1 0 8 . S 1 0 9 . S 1 1 5 coW«rt>£>tt*Si: I 

TS1 1 6 t ixnhh.%. 

[0057] ZZX\ imaZexp [ j * r/Ts] 
fcU HWWnJexp [j2s (1+r/T 
s) /N] MoT, {Sffii^H^ttjE-rS* 

SctiSl 1 6 krloT-S- IcoM^l 1 6S: 
nWfc-fSfc. FFTcot£3Si:L-C^a$ii-CVM>ii;tc 
aa-TS. T = 0cofc^tc, Si 1 1 £Sl 1 4SC0M 
&*>£>S1 1 7 

[00 58] <I<rT\ Wn = exp [ j 2*r/N] TJ> 
FFTTVPr/UX-MiSl 1 7£*&£: LTV>&. 

tlcODFTfr^^-fX-l VhcoDFTSrimfS. 
i cO«flC#)lf{i , H 4 T N = 8 *>*£fcHI#OS6h. 1 1 

x*-t. 

[00 5 9] Ztlte t^?y?4 ffig-S tmftlh. F 
F TT-tt DFTil?; Hfif-f 4 ^ tRmW^^'^ 77^f 
«^lr«ffl-rS. SI 1 7fcSl 1 6<*)Jt«A»6, Si 
1 6cofl-^£iS^ia«, *>-^*»*S!Jg-«»#as-e-4ii:*« 

hh. zzx-aimm^yHm (mi®.mmmmm& 

mX\ 8RV/3' im2{fflft2tiEEmkRV&3tiL 

mimiiiEimtLxmz. ata 0 = 1/(1 + 

a) . $' =«/ ( 1 +«) X'$>&£olzm&ttlft>tl 

= lVhl£olzW£ZXi> afi$-fifcEH58* 
(i"Wn = Wni + r / t s T'*l>c:i;*W^L-^. 

cOjfijDSr^i: L^:V^J6. h^7t-7ym 
SJ:<, ii^ffltTV^^^-K^xT^cofilA^Ka 

■ts. ±iar^^uxA(i % ^s»s±co«iE$^ift 

i. -?-cOT;U3-UXA(Cj;^T^L^W 
^C0it7-l)x^ ( I F FT) coitffltcj: 0, 

[ 0 0 6 0 ] JJcfc. B#raiE?'JX^-rC0a!l^5:UiBJ-t 
6. iiEKWtfc^TW. B$ra(i«x5-rco«i(iK» 

■c-ft « k l ^ . <t -ox immmmjEmr<r> t * tcifu 

fflTSSfctfc. iitll k'cOidlcLT^coilfc-e 

■&tsim.A D C(S(-*3(tS -y ^-cOdf -v y 7l/-y 

[0 06 1 ] v(r>m^mX'lt. ?JJ*4>?-<J-7 
S*ufe«ROADC<OA*akMEa«<0'rX hfl-^5rtt 
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[0062] 94 5^7t7hiADCtV 
Asin (2if 0t+$) 

WffiX'h->X. f s = nf0 (ZZX'nimmX'hh) 
l.Sll 8 - 2 IZyjk-f X 0 #«ADC«DFTf 

zmomftx-h o , a r g [ z ] tt*<ofiaaara & . 
MADCcoai^ficoracox7-{±. y-f yfc^-f s y^' 

5F-Sc(3^BtT#*-ri>. *1 1 8- 
iX&Al/A2P)miZ. W^^-HRtflBE-r** 
KiS2ADC3 2*>4><?DT-^'V3l»S*i*. rcOffiJi 

i^UffliE^'^ 7 7 4 2 2 0 (± 2 » |@ct) A D C Srffi 

[0 0 6 33 RizMftMbLX, yf-V-fm 
<OJKffifllB)cH^OV>T06 ( a ) , 6 ( b ) £#B3LT 
SMUt*. 06 (a) C^tiot, ff51ffl£« 

1. v2 s r3 s r4, r5, r6, r7£-£A/C^£ 
t<0i:iS^f4. ft. Mffi&&ffl-fixr l-r7£Stff 

«*<0r<0«e^i:R*'C*6. 06 (b) J±. 8fflc0 

-^* { FFTMa$tl. <KfcFFT5Pia!<OS>i;C3a 
frbtchl r>ev<.9 7 5 -f mX&2 2 0 b £ tof^ 

[0 0 64] 8m4y?-v-7m<mMWJE><>?y7 

4 22 o<ort»«|«(i. 06(b) t^-f J: 0 fc, 8ffl 
0 . t'-y h \)Ji-XM2 1 0 t 7ffl^)fiffilfjE^ 

9?74m%U22QhbX'$Lh. m-ox^m&mizj: 

tiii. — mz2™ mwXil^r-fZ 2™ m<n AD CX'J 

i^&fi^, -&ft2 m -i+2 m -2 + -+2 

m - ( m + i ) + 2 m ~ m Hp•ip2 ^, " 1 -t- 2 m _ 2 +••• 

+ 2' +2° ( = i ) mcrmmg&jErtfyjj m2 
20b&ffitz>. mtittmmmnmiz. m=3com 

«, ^lf-22H-2i +l = 7»«iA777-f?l 
SS82 2 0bSr*fitr?,. 

[0065] BP-^. 8^--vy*/KOADC#>£><7)FFT 

fltwsmo^Mam^-f-^ (data (o) -data 



(7) ) £g(fC, 2A**tC45"»/N*^79>fj»»-r 

6. bp*>, 8f-^y^;uT'$>s*^, mis©ar(i4 

{S^&fflffiE^'^^ 2 2 0b£^i_T. ^ (t4 
-r0), (r6-r2). (r5-rl). (r7- 

2SP§B-C'<i2iic7){iffiaiEA^ 75>4220b£(i 
X , 4 fflcDftfflffijEA? 2 2 0 b 

fc<09[J»S*«:SW"C , <r 2-rO) . (r3~ 

t i ) . nwrnm^rtfyjj awssurr*. m 

3 fmBX'li 1 liOfflffiWE^'^ 7 5-f 2 2 0b 
f)©^2ffl^{JffiffliE^'^7 7-f«»:gP2 2 0 
b *>6oaW«S***»tT , (rl-tO), «(iffl« 

-*#4K y?-v-7ncr>ffi$iHx$:ffiELtzFFT 
mji^-fx-bh. f-y buy^-xg?2 1 oimm 
w vvA m%b nmz^ mzx-h^f-smnxfrn 
LM$*'Ko\><nx'hh> ji^TJiro bm^mz 

ipLtiff&lWigmizlX^&cOT. T0 = 0tfc 

-So 

[0066] ffl*<^ffijraA* 754**952 20b 

t4±ML^2ffl4y^- , j-y^iffiHfliBiat:'j) , 9. *§ie 
sx-j> i> mix 7-Tizft^& {znmmniEtt * ^ -? 

Ig@* ! (r4-r0). (r6-r2), (r5-r 
1), (r7-r3) . fci «3*|jEa«*tfV\ ^2g 
Bt±(r2-r0), ( v 3 - r 1 ) lz£ OfflIE?S*S: 
ffV\ m3SS(± (rl-rO) K.X OfiiEjfWSrff 

ffi-rn^l, r2. r3. r4, r5. tt6. r7Ji 
JEUzFF T&Jjt- fX-fth. 

[0067] wzswmt tx . 4«4 v^-y-TT* 

WSa««0^OV%T07 (a) , 7 (b) £#g&LT 

mw-tz. 9ft. 07 (a) tc^t- J: o^, mimm 

[ o o 6 8 ] 4ffl4 yf-v-y'^nw&W&ws.w 
y7 4m%w>2 2ocr)ftumm±. mi (b) t*-r«t 

olC. 4ffl* J 202*T-J)S*^LT. ft^SW02S 

*9 yy ^ mn^Mm-th'^m^h o . tr v h y^-x 
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(DATA (0) -DATA (3) ) £g(t 

A777^f 22 0b$rfi|iT, (r2-r0) , 
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*^<7>^&<Otifl8ttiE> ^77^f JSSlgP 2 2 0 COA' 

nut* itsn-r s <afl»EEft i^77^ii«tts; 

<, h-tt^^nnmm^hfd^x'hh. -e-tuft. l 
s r Sffi^st^xri; yyu-vtfmvt& iz^x 
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